Previously published results indicate that the accuracy of decoding visual orientation from 7 Tesla fMRI data of V1 peaks at spatial acquisition resolutions that are routinely accessible with more conventional 3 Tesla scanners. This study directly compares the decoding performance between a 3 Tesla and a 7 Tesla dataset that were acquired using the same stimulation paradigm by applying an identical analysis procedure. The results indicate that decoding models built on 3 Tesla data are comparatively impaired. Moreover, we found no evidence for a strong coupling of BOLD signal change magnitude or temporal signal to noise ratio (tSNR) with decoding performance. Direct enhancement of tSNR via multiband fMRI acquisition at the same resolution did not translate into improved decoding performance. Additional voxel selection can boost 3 Tesla decoding performance to the 7 Tesla level only at a 3 mm acquisition resolution. In both datasets the BOLD signal available for orientation decoding is spatially broadband, but, consistent with the size of the BOLD point-spread-function, decoding models at 3 Tesla utilize spatially coarser image components.
Introduction
was, again, examined through post-acquisition volumetric Gaussian filtering. 
Materials and methods

Participants
Seven healthy right-handed participants (five male) with normal or corrected to normal 49 vision were recruited from the subject-pool of the studyforrest project (Hanke et al., 
Stimulus and Experimental Design
57
In order to keep parity between the 7 Tesla and 3 Tesla experiments, the stimulus was 58 kept identical to that described in Sengupta et al. (2017) , except for adjustments to For the purpose of evaluating the impact of the temporal signal-to-noise-ratio (tSNR) 102 on decoding accuracy, an additional acquisition was performed at 2 mm resolution.
103
While all other acquisitions employed parallel imaging (via GRAPPA; Griswold et al., from OpenfMRI (accession: ds000113c).
114
Structural images for all participants were previously acquired as a part of the 115 studyforrest project and were re-used in this study. This includes the reconstruction of to the stimulation in the contralateral hemifield as input for the classifier. are presented in this study are the result of a re-analysis using the exact same procedure 178 that is described here for the 3 Tesla data. 
Results
180
Decoding accuracy and field strength ROI sizes across field strengths (see Table 1 between the factors (F (3, 18) = 2.142, p = 0.13).
224
The absence of any visible resolution-related differences could be interpreted as At 7 Tesla the average BOLD signal change in V1 increases with higher acquisition resolutions (A). However, this trend was not observed for the average signal change in the entire V1 ROI at 3 Tesla (B). Considering only "responsive" voxels, as determined by univariate feature selection (see main text for procedure), the pattern of increasing signal change observed at 7 Tesla can now be found for both field strengths, at a generally elevated level. In both cases, the signal change observed in the multiband acquisition is similar to that of the 3 mm data. Notably, the average signal change differences for the 1.4 mm vs. 2 mm acquisitions at 3 Tesla are substantially larger than those observed at 7 Tesla. The number of voxels for the comparison between panels C and D differs by a factor of 1.5-3 across field strengths (see Table 1 ). Panel E-F show the average BOLD signal change per orientation in the 50 respective voxels that exhibit the highest average responses to any stimulation in the whole V1 ROI, determined for each resolution and field strength separately. The observed average BOLD signal change in those voxels is similar across field in both 3T and 7T data. 
Tesla
Figure 3: Illustration of the spatial configuration of selected features within the V1 ROI across all resolutions, for both field strengths and two example participants. The color code indicates for which set of resolutions a location was part of the voxel selection. At 7 Tesla, voxel selection patterns appear to be more stable across resolutions, and resulted in a larger number of selected voxels (Table 1) . For visual clarity the 2 mm multi-band acquisition is not shown here.
any stimulation. A two-level, fixed-effects GLM analysis across all 10 experimental indicating a higher noise level.
245
All data analyses were repeated for both field strengths using this additional feature 246 selection step. Figure 1B shows the decoding performance after feature selection. Mean Table 1 with Sengupta et al., 2017, Table 1 ). This 
where V is the voxel volume, κ is the proportionality constant, and λ is the magnetic 291 field strength independent constant parameter. the two acquisitions in the selected voxel set ( Figure 1B ).
314
Spatial scale of the orientation-related signal
315
In order to get insight into the spatial characteristics of the orientation-related The low-pass components show monotonic decrease in accuracy with increasing in smoothing levels. The high-pass components perform better than the lowpass components beyond 5mm FWHM. The band-pass components showed peak accuracy between 5-8mm FWHM band. The peak in decoding accuracy was more pronounced after feature selection (mostly evident in 1.4mm and 2mm data). Figure 5: Impact of volumetric Gaussian spatial smoothing on the data acquired at 3 Tesla for the entire V1 ROI (A-D) and the voxel subset determined by univariate feature selection (E-H). The dashed line indicates the theoretical chance level. The variability in the accuracy results across subjects was higher than for the 7 Tesla data, showing the contribution of increased noise in the data. Similar patterns of decoding accuracy across different levels of smoothing were found as in the 7 Tesla data for LP, HP and BS components. The peak in 5-8mm band was not observed for band-pass components for the 1.4mm data. For the 2mm acquisition with and without parallel imaging accelaration, and the 3mm data showed a trend of increased decoding accuracy in the same band but not as pronounced as in the 7 Tesla data.
larger number of voxels in the ROI prior feature selection), and in particular in the ≈5-8 mm band ( Figure 5A -C vs. D-F).
344
The general pattern observed for decoding 3 Tesla data without feature selection 7 Tesla data. Overall, peak accuracies were obtained on BP filter images.
354
In comparison to the 7 Tesla data, differences in accuracies between matching reso-355 lutions increase substantially in favor of the 7 Tesla data with higher resolutions. This 
Discussion
365
The primary focus of this study was to investigate the effect of MR field strength 
376
(2017), all relevant analyses were repeated for the 7 Tesla data using the exact same increase in tSNR leading to an increase in decoding accuracy, up to an asymptotic of information used to discriminate orientations, despite comparable performance.
As with tSNR, the observed signal change differences across resolutions at both 
